Endonucleases: tools to correct the dystrophin gene.
Various endonucleases can be engineered to induce double-strand breaks (DSBs) in chosen DNA sequences. These DSBs are spontaneously repaired by nonhomologous-end-joining, resulting in micro-insertions or micro-deletions (INDELs). We detected, characterized and quantified the frequency of INDELs produced by one meganuclease (MGN) targeting the RAG1 gene, six MGNs targeting three introns of the human dystrophin gene and one pair of zinc finger nucleases (ZFNs) targeting exon 50 of the human dystrophin gene. The experiments were performed in human cells (i.e. 293 T cells, myoblasts and myotubes). To analyse the INDELs produced by the endonucleases the targeted region was polymerase chain reaction amplified and the amplicons were digested with the Surveyor enzyme, cloned in bacteria or deep sequenced. Endonucleases targeting the dystrophin gene produced INDELs of different sizes but there were clear peaks in the size distributions. The positions of these peaks were similar for MGNs but not for ZFNs in 293 T cells and in myoblasts. The size of the INDELs produced by these endonucleases in the dystrophin gene would have permitted a change in the reading frame. In a subsequent experiment, we observed that the frequency of INDELs was increased by re-exposition of the cells to the same endonuclease. Endonucleases are able to: (i) restore the normal reading of a gene with a frame shift mutation; (ii) delete a nonsense codon; and (iii) knockout a gene. Endonucleases could thus be used to treat Duchenne muscular dystrophy and other hereditary diseases that are the result of a nonsense codon or a frame shift mutation.